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Efficiency in nutrient utilization by livestock is of 

great importance in animal breeding programs 

 

Classical Measure of efficiency 
𝑜𝑢𝑡𝑝𝑢𝑡

𝑖𝑛𝑝𝑢𝑡
 

 

𝑀𝑖𝑙𝑘 𝑀𝑖𝑙𝑘 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑌𝑒𝑖𝑙𝑑

𝐷𝑟𝑦 𝑚𝑎𝑡𝑡𝑒𝑟 𝑖𝑛𝑡𝑎𝑘𝑒
 

 

𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑔𝑎𝑖𝑛

𝑓𝑒𝑒𝑑 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛
 

In breeding programs: 

Inverse of efficiency  

 

𝐹𝐶𝑅 =  
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑎𝑖𝑙𝑦 𝑓𝑒𝑒𝑑 𝑖𝑛𝑡𝑎𝑘𝑒

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑎𝑖𝑙𝑦 𝑔𝑎𝑖𝑛
 



 

 

Disadvantages of ratio traits 

 

 

 

 

•FCR has a distribution deviating from normality  
• since its component traits of ADFI and ADG have normal 

distribution  

•Distribution of FCR is dependent on the means 

and (co)variances of its component traits (ADFI 

and ADG)  

 

Difficulty in prediction of the effects of genetic selection 

on FCR in future generations as well as its effect on 

the production traits in the breeding program. 

 



 

 

Linear feed efficiency 

•Koch et al. (1963): RFI = FI – E(FI) 
• E(FI) : based on BW and BWG and (maybe) carcass 

composition (LMP).  

 

•Kennedy et al. (1993):  
• IF genetic (co)variances are known for FI, BW, BWG, LMP. 

Genetic RFI can be estimated 



 

 

Bayesian analysis 

• Integrates unknown population parameters and “fixed” 

environmental effects and handles properly ratio traits 

 

 

• Bayesian prediction of breeding values  

• for both phenotypic and genetic RFI  

• together with FCR 

 

• Bayesian estimate of direct and correlated response to 

selection  
• on feed efficiency measures of RFI or FCR along with production traits. 

 



 

 

 
 
 
 
 
 
 
 
 
•Traits 
• ADFI: 2.61 (0.39) kg/d 

• ADG: 1.12 (0.15) kg/d 

• LMP: 62.7 (1.97) percent 
The MAXGRO™ terminal line 



 

 

Statistical model: Bayesian analysis 

𝑦𝑖𝑗𝑘𝑙
𝐴𝐷𝐹𝐼 = 𝐺𝑒𝑛𝑑𝑒𝑟𝑖𝑗 + 𝑃𝑎𝑟𝑖𝑡𝑦𝑖𝑘 + 𝑌𝑆𝑖𝑙 + 𝑏𝐴𝐷𝐹𝐼(𝑆𝐵𝑊𝑖) + 𝑎𝑖

𝐴𝐷𝐹𝐼 + 𝑝𝑒𝑖
𝐴𝐷𝐹𝐼 + 𝑒𝑖𝑗𝑘𝑙

𝐴𝐷𝐹𝐼 

 

𝑦𝑖𝑗𝑘𝑙
𝐴𝐷𝐺 = 𝐺𝑒𝑛𝑑𝑒𝑟𝑖𝑗 + 𝑃𝑎𝑟𝑖𝑡𝑦𝑖𝑘 + 𝑌𝑆𝑖𝑙 + 𝑏𝐴𝐷𝐺 𝑆𝐵𝑊𝑖 + 𝑎𝑖

𝐴𝐷𝐺 + 𝑝𝑒𝑖
𝐴𝐷𝐺 + 𝑒𝑖𝑗𝑘𝑙

𝐴𝐷𝐺 

 

𝑦𝑖𝑗𝑘𝑙
𝐿𝑀𝑃 = 𝐺𝑒𝑛𝑑𝑒𝑟𝑖𝑗 + 𝑃𝑎𝑟𝑖𝑡𝑦𝑖𝑘 + 𝑌𝑆𝑖𝑙 + 𝑏𝐿𝑀𝑃(𝐸𝐵𝑊𝑖) + 𝑎𝑖

𝐿𝑀𝑃 + 𝑝𝑒𝑖
𝐿𝑀𝑃 + 𝑒𝑖𝑗𝑘𝑙

𝐿𝑀𝑃 

 

Flat uninformative priors were assumed for all “fixed” effects in the 

model and for all (co)variance components.  

 

 



 

 

RFI estimation 

Genetic RFI (𝑅𝐹𝐼𝑔) 

𝑎
𝑖

𝑅𝐹𝐼𝑔 = 𝑎𝑖
𝐴𝐷𝐹𝐼 − 𝑏𝑔.1 𝑎𝑖

𝐴𝐷𝐺 − 𝑏𝑔.2 𝑎𝑖
𝐿𝑀𝑃 

Phenotypic RFI (𝑅𝐹𝐼𝑝) 

𝑎
𝑖

𝑅𝐹𝐼𝑝 = 𝑎𝑖
𝐴𝐷𝐹𝐼 − 𝑏𝑝.1 𝑎𝑖

𝐴𝐷𝐺 − 𝑏𝑝.2 𝑎 𝑖
𝐿𝑀𝑃 

 

𝑮𝑅𝐹𝐼 𝑮𝑅𝐹𝐼,𝑝

𝑮𝑝,𝑅𝐹𝐼𝑔 𝑮𝑝
= 𝑩 𝑮 𝑩′ 

𝑷𝑅𝐹𝐼 𝑷𝑅𝐹𝐼,𝑝

𝑷𝑝,𝑅𝐹𝐼 𝑷𝑝
= 𝑩 𝑷 𝑩′ 

𝑩 = 
𝐈𝑓𝑖 −𝒃𝑓𝑖 𝑝

0 𝐈𝑝
; 𝐛𝒈𝑓𝑖 𝑝

 = 𝑮−𝟏
𝒑 𝑮𝒑,𝒇𝒊; or 𝐛𝒑𝑓𝑖 𝑝

 = 𝑷−𝟏
𝒑 𝑷𝒑,𝒇𝒊 

bgfi |

p  



 

 

Breeding values for FCR 

The breeding value for FCR is dependent on the fixed effects since it depends on 

the mean of the traits involved in the ratio (𝜇𝐴𝐷𝐹𝐼𝑎𝑛𝑑 𝜇𝐴𝐷𝐺  ). 

 

𝑎𝑖
𝐹𝐶𝑅 =  

𝜇𝐴𝐷𝐹𝐼  + 𝑎 𝑖
𝐴𝐷𝐹𝐼

𝜇𝐴𝐷𝐺  +  𝑎 𝑖
𝐴𝐷𝐺 − 

𝜇𝐴𝐷𝐹𝐼

𝜇𝐴𝐷𝐺
 

 

𝜇𝐴𝐷𝐹𝐼 = 
𝟏′𝐛𝟏

𝑟𝑎𝑛𝑘(𝐗)
+ 𝑏1.1S  

𝜇𝐴𝐷𝐺 =  
𝟏′𝐛𝟐

𝑟𝑎𝑛𝑘(𝐗)
+ 𝑏2.1S  

 

where 1 is a vector of ones, rank(X) in this case is the number of elements in 𝐛𝟏 or 

𝐛𝟐; and S   is the population average of start BW 



 

 

Bayesian response to selection 

Difference between mean of EBV in the selected 

population compared to the whole population in each 

iteration = posterior distribution of response to selection 

 

 



 

 

26.45% with 5.58 PSD of the genetic variation in ADFI is explained by 𝑅𝐹𝐼𝑔.  
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Traits of interest 
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Selection for RFI results in reduction of ADFI without altering the production traits 

Selection for FCR results in disproportional selection on its component traits 



 

 Selection for FCR results in disproportional selection pressure on its 

component traits and also LMP 

 

RFIg allows  

1) selection on the proportion of feed intake that is independent of 

production; and  

2) easier and better selection index weights for the traits in the 

breeding programs 

 

Selection for improved feed efficiency is likely best achieved through 

multiple-trait selection on 𝑅𝐹𝐼𝑔 and production traits 

Joint selection for feed intake and production traits can also result in 

genetic improvement of feed efficiency 

 



 

 


